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.2012.11.0Abstract A protocol has been developed for in vitro plant regeneration from a nodal explant of
Dracaena sanderiana Sander ex Mast. Nodal explant showed high callus induction potentiality
on MS medium supplemented with 6.78 lM 2,4-dichlorophenoxyacetic acid (2,4-D) followed by
46.5 lM chlorophenoxy acetic acid (CPA). The highest frequency of shoot regeneration (85%)
and number of shoots per explant (5.6) were obtained on medium supplemented with 7.84 lM
N6-benzylaminopurine (BA). Rooting was high on MS solid compared to liquid medium when
added with 7.38 lM indole-3-butyric acid (IBA). Fifty percent of the roots were also directly rooted
as microcuttings on soil rite, sand and peat mixture (1:1:1). In vitro and ex vitro raised plantlets were
used for acclimatization. More than 90% of the plantlets was successfully acclimatized and estab-
lished in plastic pots. Ex vitro transferred plantlets were normal without any phenotypic aberra-
tions.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Dracaena sanderiana Sander ex Mast belongs to family Agav-
aceae, is known as Lucky Bamboo. It is distributed in tropical
and subtropical open lands of India and Africa. The genus
Dracaena is well known as an indoor ornamental. Some of
the Dracaena species possess several medicinal properties and
are used in curing a number of diseases. Spiroconazole-A, an
active saponin compound obtained from Dracaena mannini971509146198; fax: +91 04
(A. Mujib).
Saud University.
g by Elsevier
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05and Dracaena arborea exhibited antileishmanial, antimalarial,
molluscicidal, fungicidal and bacteriostatic activities (Okunji
et al., 1996). Dracaena draco produces several steroidal sapo-
nins, which showed cytostatic activity on Leukemia HL 60
cells (Mimaki et al., 1999; Yokosuka et al., 2000). Dracaena
cochinensis extract is reported to improve the clotting process
in mice signiﬁcantly (Nong, 1997). The resin of some species
is used as the substrate in xuejie (a Chinese drug) in China
since long (Lin, 1994). Dragon’s blood, a red resin exuding
from the stem of D. draco has been used frequently as a ‘‘her-
bal’’ remedy in traditional medicine (Bruck, 1999). The stem
wood extract of Dracaena loureiri, a Thai plant is revealed to
inhibit the estrogen effect by binding to the estrogen receptor
(Ichikawa et al., 1997).
Despite their medicinal and ornamental importance, not
much work has been done in Dracaena species in in vitro
conditions (Junaid et al., 2010) and mostly grows vegetatively.vier B.V. All rights reserved.
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terial, fungal, viral and mycoplasmal diseases acquired from
the air, soil and insect-vectors as a result of which their pro-
ductivity declines (Anonymous., 1996), even mass propagation
through seeds has many limitations like seed dormancy, low
rate of germination and progeny variation in other plant spe-
cies (Venkataramaiah et al., 1980; Chand and singh, 2004).
To overcome these problems and fulﬁll the required demand
it has necessitated restoring the productivity of plants by the
use of plant tissue culture (Bhattacharjee, 2006), as in vitro
micropropagation includes the rapid vegetative multiplication
of valuable plant material for agriculture and forestry. Besides
this, the in vitro technique is also widely used in the commercial
ﬁeld for the micropropagation of ornamental plants in large
numbers; however, the process is regulated by the biochemical
reserve, localized in speciﬁc organs (Thorpe, 1990; Mujib et al.,
2004; Bhattacharjee, 2006). In the present investigation we
have established a high regeneration protocol for the ﬁrst time
ever in D. sanderiana that could be used in future to enrich the
ornamental industry.
2. Materials and methods
2.1. Plant material
Healthy plants of D. sanderiana were collected from the Jamia
Hamdard (Hamdard University, New Delhi, INDIA) herbal
garden. Various explants (nodal 1 cm, internodal stem 1 cm,
leaf 1 cm2, axillary buds 1 cm and roots 1 cm) were used as
experimental material.
2.2. Surface sterilization
Explants were rinsed 3–4 times with sterilized double distilled
water, and surfaces disinfected for 10 min. in H2O2 (1%) solu-
tion. After rinsing, the explants were placed on sterilized blot-
ting paper and ﬁnally placed on a callus induction medium.
2.3. Callus induction
After proper surface sterilization, the explants were placed on
MS medium containing various auxin types and concentra-
tions of 0.0–9.04 lM 2,4-dichlorophenoxyacetic acid (2,4-D),
0.0–10.20 lM 2,4-5-triacetic acids (2,4-5-T), 0.0–52.0 lM chlo-
rophenoxyacetic acid (CPA).
2.4. Regeneration and shoot multiplication
Nodal callus masses (80–90 mg) were used for regeneration;
nodal stem showed rapid callus initiation and vigorous callus
growth compared to callus induced from other sources (data
unpublished). Callus was cultured on MS medium fortiﬁed
with various concentrations of cytokinins with a range of
0.0–8.96 lM N6-benzylaminopurine (BA) and 0.0–9.28 lM
kinetin (Kn). Data were scored in terms of shoot development
percentage (%), shoot number/nodal calli, shoot length and
leaf number per shoot.
2.5. Rooting in solid and liquid MS medium
Shoots that developed in regenerating medium were trans-
ferred on solid and liquid MS medium, added with variousconcentrations of root inducing plant growth regulators
(IBA, NAA, IAA); 0.0–9.86 lM indole-3-butyric acid (IBA),
0.0–10.73 lM a-naphthalene acetic acid (NAA), 0.0–
11.41 lM indole-3-acetic acid (IAA). Data were scored in
terms of shoot development percentage (%), root number
per shoot, root length (cm) and number of adventitious roots
per shoot.
2.6. Culture conditions
The pH of all the cultures was adjusted to 5.6–5.8 before auto-
claving. The media were sterilized in an autoclave for 15 min at
121C; cultures were incubated at 25 ± 2C under a 16-h
photoperiod with cool white ﬂuorescent illumination
(100 lmol m2 s1 PFD).
2.7. Ex vitro transplantation
The in vitro developed plantlets were removed from the cul-
tured vessels, transplanted in micro plastic pots (10 cm), con-
taining autoclaved soil rite and sand (1:1), thoroughly
covered with pored polythene bags to maintain high humidity.
Plants were subsequently transferred to pots (15 cm) placed for
one month at room temperature (25 ± 2 C) at a 16 h photo-
period with cool white ﬂuorescent illumination
(100 lmol m2 s1 PFD). For ex vitro rooting regenerated
shoots were treated with IBA (7.38 lM) for 36 h before being
transferred to pots (15 cm) containing a mixture of sand soil
and peat (1:1:1) as described previously.
2.8. Statistical analysis
The data on the effects of growth regulators on morphogenesis
were analysed by one-way analyses of variance (ANOVAs).
Values are means of ﬁve replicates from two experiments,
and the presented mean values were separated using Duncan’s
Multiple Range Test (DMRT) at p 6 0.05.
3. Results
3.1. Callus induction
Of the various auxin types and explants used nodal stem
(Fig. 1a) proved to be highly effective compared to others
(data not shown) on MS medium supplemented with 2,4-D
(6.78 lM) followed by CPA (46.5 lM). Explants varied in cal-
lus induction rate and percentage, however calli induced from
all the sources were similar in morphological appearances; they
were compact in nature and creamy in colour, although, it be-
came black and necrotic at higher 2,4-D concentrations after
the 9th week of culture. Table 1 shows a comparative account
of nodal stem callus biomasses (fresh and dry wt.) under opti-
mized concentrations of various auxins; 2,4-D (6.78 lM) was a
highly promising concentration for high callus biomass
production.
3.2. Callus regeneration /shoot multiplication
Undifferentiated masses of callus (80–90 mg) were cultured on
MS medium supplemented with BA (0.0–8.96 lM) and Kn
(0.0–9.28 lM).Maximum response (in terms of shoot development
Fig. 1 In vitro micropropagation of Dracaena sanderiana. (a) Callus induction from nodal segment on MS medium supplemented with
2,4-D (6.78 (lM); (b and c) shoot multiplication in cytokinin added MS medium. (B) Kn (9.28 lM), (C) BA (7.84 (lM); (d) 8 week old
culture before transfer to ﬁeld conditions MS + BA (7.84 lM) + IBA (7.38 lM); (e and f) root induction from isolated single shoot in
solid (e) and liquid (f) MS medium added with IBA (7.38 lM); (g) regenerated plantlets transferred to micropots in soil rite (100%).
In vitro micropropagation of Dracaena sanderiana Sander ex Mast: An important indoor ornamental plant 65percentage, shoot number, shoot length and leaf number) was
noticed in culture fortiﬁed with BA (7.84 lM) (Fig. 1c and d).
Although, Kn (9.28 lM) proved to be highly effective but in
general was less (Fig. 1b) signiﬁcant compared to BA. Table 2
shows the effect of BA and Kn on shoot regeneration.3.3. Rooting
A comparative study has been made to evaluate the effect of
solid and liquid medium on rooting. Shoots that developed
in regenerating medium were used for root induction and
Table 1 Callus biomass (fresh and dry weight) growth in optimized auxin concentration. Data were scored up to 9 weeks of culture.
Optimized concentration of auxins (lM) 5 weeks old callus 7 weeks old callus 9 weeks old callus
Fresh wt. (gm) Dry wt. (gm) Fresh wt. (gm) Dry wt. (gm) Fresh wt. (gm) Dry wt. (gm)
2,4-D (6.78) 0.78a 0.22a 1.25a 0.35a 2.69a 0.63a
CPA (46.5) 0.62b 0.15b 0.88b 0.27b 2.00b 0.46b
2,4-5-T (10.20) 0.56b 0.12c 0.74c 0.25b 0.85c 0.42b
Values are means ± standard deviation of 5 replicates from 2 experiments.
Means with common letters within each column are not signiﬁcantly different at p 6 0.05, according to Duncan’s Multiple Range Test
(DMRT).
Table 2 Shoot regeneration in BA/KN supplemented MS medium. Nodal callus (80–90 mg)
was cultured for regeneration. Data were scored after 6 weeks of culture.
PGR (lM) Shoot number/callus mass Shoot length (cm) Leaf number
BAP Kn
0.00 0.0g 0.0h 0.0i
2.24 2.8d 2.1e 5.7d
4.48 2.9d 4.4b 7.3c
6.72 5.3b 7.5a 7.6b
7.84 5.7a 7.3a 7.9a
8.96 5.0b 3.9c 4.9f
0.00 0.0g 0.0h 0.0i
2.32 1.8f 1.2g 4.3gh
4.64 2.3e 2.5d 5.0ef
6.96 2.8d 4.4b 5.2e
8.12 2.9d 4.0c 5.4e
9.28 3.3c 1.5f 4.2h
Values are means ± standard deviation of 5 replicates from 2 experiments.
Means with common letters within each column are not signiﬁcantly different at p 6 0.05, according
to Duncan’s Multiple Range Test (DMRT).
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growth regulators. Table 3 shows a comparative account of
root induction in solid and liquid media. Better response was
observed in solid medium (Fig. 1e) when supplemented with
IBA (7.38 lM), followed by NAA (10.73 lM); roots were high
in number (14.6) with average length (48.6 mm) compared to
their liquid counterpart (Fig. 1f).
3.4. Ex vitro transplantation
Rooting was successfully induced within 5 weeks on IBA
(7.38 lM) added MS medium. Rooted plantlets (Fig. 1e) were
transferred in plastic pots (Fig. 1g) containing soil rite, kept at
25 ± 2C in the culture room, and covered with pored transpar-
ent polythene bags to reduce the humidity. But the survival fre-
quency was moderate; thereafter the survival rate was enhanced
by the application of a hardening procedure, where rooted shoots
were transferred to half and quarter-strength liquid MS medium
without plant growth regulators andwere then transferred to plas-
tic pots, containing sand and soil rite (1:1). Transferred plantlets
showed normal morphological appearance. During hardening,
shoots elongated and leaves turned green and expanded. Sec-
ondly, regenerated shoots were also rooted directly as microcut-
tings on an autoclaved mixture of sand and soil rite. The shoots’
treatment with 7.38 lM (IBA) for 36 h was found essential for
in vitro rooting. The frequency of root formation was increased
85–94% by ex vitro rooting using microcutting procedures.4. Discussion
Propagation of plants through vegetative and sexual processes
is well established in horticulture, however, micropropagation
offers a rapid means of production of clonal plants in num-
bers, which can be used for afforestation and conservation of
elite and rare germplasm and also for rapid multiplication of
economically important plants (Bonga, 1982).
In vitro culture may be initiated from the embryo, shoot
apex, axillary bud and several other explants. In the present
investigation in D. sanderiana various explants (node, inter-
node, axillary bud, leaf and root) were used, of which nodal
segments showed maximum callusing and high biomass on
2,4-D added MS medium. A similar promoting effect of 2,4-
D on callusing was earlier reported in the same species (Ilah
et al., 2002). However, in Dracaena fragran young stem seg-
ments produced calli on medium supplemented with 2,4-D
alone or in combination with BA (Vinterhalter, 1989). Addi-
tionally, in many other plants profuse callusing was observed
on 2,4-D added medium (Khan et al., 2002). For cultured tis-
sues, the requirement for exogenous hormones depends on the
endogenous level of plant tissue which varies with organs,
plant genotype and the phase of plant growth (Chand and
Singh, 2004). Nodal explants along with high callus biomass
also exhibited high regeneration potentiality compared to
other tested explants. Pua et al. (1989) have reported in
Brassica napus that the nodal segment was more responsive
Table 3 Root induction from individual shoot in solid and liquid media. MS medium was
supplemented with various auxins. Data were scored after 5 weeks of culture.
PGR (lM) After 5 weeks
IBA NAA IAA No. of root Root length (mm)
Solid Liquid Solid Liquid
0.00 0.0i 0.0h 0.0k 0.0h
2.46 3.3g 2.0f 23.3c 3.0g
4.92 5.3e 4.7c 24.5b 11.6b
7.38 12.0a 9.6a 26.5a 15.0a
9.84 7.0d 5.0b 14.6f 8.3c
0.00 0.0i 0.0h 0.0k 0.0h
2.68 1.7h 0.0h 6.3j 0.0h
5.37 3.0g 0.0h 11.6h 0.0h
8.05 5.0e 2.7e 16.6e 5.0e
10.73 9.0b 4.5c 18.3d 7.3d
0.0i 0.0h 0.0k 0.0h
2.85 1.4hi 0.0h 5.7j 0.0h
5.71 2.7gh 1.7g 9.0i 0.0h
8.56 4.3f 2.0f 13.4g 4.2f
11.41 8.3c 3.7d 17.0e 6.8d
Values are means ± standard deviation of 5 replicates from 2 experiments.
Means with common letters within each column are not signiﬁcantly different at p 6 0.05, according
to Duncan’s Multiple Range Test (DMRT).
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of the two cytokinins (BA and Kn), BA was more active during
multiple shoot formation. The superiority of BA over Kn for
multiple shoot formation was also demonstrated in other plants
like Jetropha integerrima (Sujatha and Dhingra, 1993), Sapium
sebiferum (Siril and Dhar, 1997), and Bombax ceiba (Chand
and Singh, 1999, 2004). In contrast, kinetin was found to be
better than 2iP and BA for promoting axillary shoot prolifera-
tion in Cephaelis ipecacuanha (Jha and Jha, 1989). However,
shoot multiplication decreased with increasing BA concentra-
tions. Similar effect was also noticed in many other plant sys-
tems (Ben Jouira et al., 1998; Biroscikova et al., 2004; Junaid
et al., 2007a). In addition, among the used root inducing plant
growth regulators, IBA alone or in combination with BA was
found to be most effective for root induction particularly in
the solid medium. Similar results were noticed in a number of
other plant species (Tapati et al., 1995; Vandna et al., 1995;
Khan et al., 2002; Biroscikova et al., 2004; Junaid et al., 2007a).
In the present investigation, no major differences were ob-
served in in vitro and ex vitro rooting, however, a moderate dif-
ference was seen in the survival rate’ that was due to the ex vitro
developed healthy roots.Moreover, in vivo rooting offers several
advantages over in vitro rooting as the former is cost effective
and the roots structurally and functionally contain more root
hairs than the latter (Debergh and Read, 1991; Preece and Sut-
ter, 1991). Plantlets with healthy roots were transferred for accli-
matization purposes, showing more than 90% survivability,
they however, showed normal morphological appearance. Sim-
ilar practice of transplantation was achieved in several other
plant systems (Zhang and Davis, 1986; Debergh and Read,
1991; Preece and Sutter, 1991; Shibli and Smith, 1996; Kim
et al., 1997; Dhar and Joshi, 2005; Junaid et al., 2007b).5. Conclusion
In conclusion, an efﬁcient regeneration protocol for D. sande-
riana has been established, which required 16 weeks from cul-
ture initiation to plant regeneration. All the plants transferred
to the ex vitro conditions showed a high homogeneity without
obvious morphological avoidance of somaclonal variation.
Micropropagation would ensure a continuous supply of plants
in limited time and space. This protocol will be helpful for ra-
pid and large scale propagation, to enrich the ornamental
industry.
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